Introduction Published studies of physical activity, BMI, and endometrial cancer risk show conflicting results and many do not report on reliability or validity of physical activity questionnaires. Methods We collected physical activity data on 667 incident cases of endometrial cancer and 662 age-matched controls. Interview-administered questionnaires, collecting demographic and lifestyle information, including a validated questionnaire for physical activity. We performed unconditional logistic regression to examine the relationship between moderate-to vigorous-intensity sports/recreational physical activity (MV PA), sit time, and endometrial cancer risk. Results Compared to women reporting 0 metabolic equivalent (MET) hours per week of MV PA, those who reported 7.5 MET h/wk or more had a 34% lower endometrial cancer risk (odds ratio (OR) = 0.66, 95% CI 0.50-0.87) after adjusting for risk factors including BMI. Those women sitting more than 8 h per day had a 52% increased odds (95% CI 1.07-2.16) of endometrial cancer compared to those sitting less than 4 h per day. We created a composite measure of physical activity and BMI and found that women with a BMI\25 and activity levels C7.5 MET h/wk had a 73% lower endometrial cancer risk (OR = 0.27, 95% CI 0.18-0.39) compared with the reference group of overweight (BMI C25) and sedentary (MET h/wk = 0).
Introduction
In the United States in 2009, 42,000 women were diagnosed with endometrial (uterine corpus) cancer, making it the fourth most common incident cancer among women [1, 2] . According to Surveillance Epidemiology and End Results (SEER) data, five-year survival rates are 95.5% for localized cancers (70% of those diagnosed), 67.5% for regional cancers, and 17.1% for cancers that have metastasized. Research suggests that hormonal and lifestyle factors such as parity, oral contraception, body mass index (BMI), physical activity, and diet may explain up to 80% of the risk of this disease [3] .
Unopposed estrogens are thought to underlie the relation between BMI, physical activity, and endometrial cancer [4] . Suggested biological mechanisms for this relationship include changes in percent body fat, sex hormones, insulin, insulin-like growth factor-1, leptin, and adiponectin levels [5] . The 2007 World Cancer Research Fund and American Institute for Cancer Research (WCRF/AICR) found ''probable'' evidence of a link between physical activity and endometrial cancer risk [6] . A 2007 systematic review of 20 published studies on physical activity and endometrial cancer risk showed that eight of ten studies deemed to be high quality observed a risk reduction of 15-30% comparing the most active to the least active women [7] . Of the case-control studies with less favorable quality scores, results varied from twofold increased risk to twofold decreased risk, and interactions with BMI and menopausal status were not consistent. Another review of physical activity and endometrial cancer risk published the same year based on 18 overlapping studies showed a ''convincing or possible protective effect,'' averaging a risk reduction of 30% [8] . Of the included studies, validity and reliability of physical activity measures were only available for seven studies [9] [10] [11] [12] [13] [14] [15] , and measurement methods were not well described. A recent meta-analysis of 14 prospective cohort studies on physical activity and endometrial cancer risk suggests that the recently published evidence strengthens the ''probable'' link to a ''convincing causal relationship'' as defined by the WCRF/AICR report [16] . Although the strength of the evidence is growing, null and contradictory results raise questions about the association between intensity and timing of physical activity with risk of endometrial cancer and the validity of physical activity measurements. Published case-control and cohort studies utilize a variety of physical activity measurements, and only some [10, 13, 15, [17] [18] [19] [20] [21] [22] reported on intensity of activity and risk. Sitting time is also emerging in the literature as a possible independent risk factor for endometrial cancer [15, 17, 20, 23, 24] .
Because of inconsistent findings from previous studies, we evaluated the independent associations between physical activity, BMI, and the combination of physical activity and BMI on risk of endometrial cancer. We also investigated the association between sitting time and physical activity, given recent publications supporting an association with endometrial cancer risk. We hypothesized that higher physical activity, low sitting time, and lower BMI would independently reduce risk and that the combination of high physical activity and low BMI, compared with low physical activity and high BMI, would be associated with lower endometrial cancer risk.
Methods

Study design
This population-based case-control study recruited English-speaking, Connecticut residents diagnosed with primary endometrial cancer between October 2004 and September 2008. Over the period of eligibility, study staff of the Rapid Case Ascertainment (RCA), a shared resource of the Yale Cancer Center, regularly visited all Connecticut general hospitals to obtain case eligibility and identifying information. Of 1,663 potentially eligible case patients, we sought physician consent for 1,270 and obtained consent for 1,242 (97.8%). Physician consent was not sought for the remaining potentially eligible participants because planned sample size was attained. After receipt of physician consent, research staff were able to contact 1,216 patients and enrolled 668 (54.9%) of those approached. Among the 1,216 patients approached, 317 (26%) chose not to participate, 19 (1.6%) had died, 13 (1.1%) were too ill, 44 (3.6%) could not be located, 68 (5.6%) could not be reached by telephone, and 87 (7.3%) were ineligible (residence outside of Connecticut or in nursing facility (n = 18), mental impairment (n = 17), language barrier (n = 27)), and ineligible diagnosis (n = 25)). Populationbased controls were identified using random-digit dialing (RDD) and were frequency matched on age (35-51, 52-59, 60-64, 65-69, 70-74, and 75-79 years). Among 8,168 residential telephone numbers in Connecticut identified through RDD, 1,995 yielded women in the desired age range, and 1,447 (72.5%) agreed to further contact for participation. We sequentially contacted 1,248 subjects before the end of the study, 111 of whom were ineligible due to residence, mental impairment, language barrier, cancer diagnosis, and ineligible medical conditions. Another 92 were disqualified due to illnesses, heath, relocation, and no response. Of the 1,045 remaining women who had not undergone hysterectomy, 371 refused to participate and 674 completed the interview, leaving a response rate of 64.5%.
Research staff travelled to participant homes to undertake in-person interviews. After completion of signed informed consent, study staff administered structured questionnaires on ethnic and demographic factors, environmental exposures, and lifestyle factors and then measured height, waist, hips, and arm span. Information on weight was gathered through self-report, and BMI was therefore calculated based on self-reported measures. The study was approved by the Institutional Review Boards of Yale University, Connecticut State Department of Public Health, and the 28 participating Connecticut hospitals.
Physical activity levels were determined by administration of Kriska's Modifiable Activity Questionnaire (MAQ), which inquires about 29 types of physical activities [25] .This questionnaire captures moderate-to vigorousintensity sports/recreational physical activity (MV PA), the intensity level recommended in the 2008 Health and Human Services Physical Activity Guidelines and also by the American College of Sports Medicine and American Heart Association to improve and maintain health [26, 27] . The interviewer-administered MAQ demonstrates both high validity and reliability (r = 0.73 with double labeled water and r = 0.92 for three-week retest) [25] . Metabolic equivalents (MET) were used to measure physical activities according to the Compendium of Physical Activities (28) . One MET, defined as the ratio of work metabolic rate to a standard resting metabolic rate of 1.0 (4.184 kJ kg
is considered a resting metabolic rate achieved during quiet sitting. MET levels were calculated as hours per week from self-report of various forms of activity (average times per week, average minutes per time, and number of months per year) performed in the two to five years before interview. Activities were characterized as light (\3 MET), moderate (3-6 MET), or vigorous ([6 MET) [28] .
Statistical analysis
Data were first examined to exclude ineligible controls using a priori criteria of women who had a hysterectomy or were outside the specified age range. We then performed descriptive analyses using the t-distribution for continuous variables and v 2 distribution for categorical variables and assessed all variables of interest (Table 1) for confounding. Using unconditional logistic regression, we examined the significance of individual variables with respect to risk of endometrial cancer. Final statistical models were built using backwards selection. We retained variables significant at the two-sided p = 0.05 level or which caused a [10% change in odds ratio estimates of variables of interest. Age and race categories were included in all models. MV PA MET h/wk was explored using a priori categories of 0,[0 to\3, 3 to \7.5, and 7.5 ? MET h/wk, as 7.5 MET h/wk is equivalent to 150 min/wk of moderateintensity physical activity, the current recommended minimum for physical activity in the United States [26] . We also created a six-category composite measure of BMI and physical activity to examine joint associations. Categories were normal weight (BMI \25) and physically active (MV PA MET h/wk C7.5), normal weight and low activity (0 \MET h/wk \7.5), normal weight and sedentary (MET h/wk = 0), overweight (BMI C25) and active, overweight and low activity, and overweight and sedentary. To explore whether an interaction existed, we created a new term combining continuous BMI and continuous MV PA. We also examined physical activity levels both in the period two to five years before interview and at ages 30-40 years to clarify the importance of MV PA timing. Separate analyses were performed by menopausal status as reported at time of interview (dichotomous categorization as having stopped menstrual periods for at least 12 months) to assess menopause-specific associations. We also analyzed sitting time for an association with endometrial cancer. Time seated watching multimedia or sitting at work was ascertained separately for weekends and weekdays. The final statistical models included adjustment for age at interview (continuous), race (white or other), number of live births, menopausal status (yes/no), oral contraceptive use (ever/ never), smoking category (current, former, never) and hypertension (yes/no). Trend analyses were performed using scored MV PA and sit time categories of 1-4.
Results
Of the 674 control subjects, six were excluded due to hysterectomy and three were excluded due to age greater than 81 years, leaving a control sample size of 665. Physical activity and sitting data were missing for one case and three controls, leaving a final sample size of n = 667 cases and n = 662 controls. Differences between cases and controls are shown in Table 1 (demographic and lifestyle factors) and  Table 2 (physical activity measures). On average, cases had a higher BMI (p = 1.78 9 10 -38 ), higher rates of diagnosed hypertension (p = 1.43 9 10 -10 ), diabetes (p = 2.70 9 10 -5 ), and a greater percentage who had relatives with endometrial cancer (p = 0.024). A lower percentage of cases were white (p = 0.0,096) and had completed greater than 12 years of education compared with controls (p = 0.0,003). Cases were less likely to have smoked (p = 0.0,187), drank alcohol (p = 3.79 9 10 -7 ), or reported menopausal hormone use (p = 0.0,056), had fewer live births (p = 4.42 9 10 -6 ), and lower age at first pregnancy (p = 3.13 9 10 -5 ), and reported less MV PA in the past two to five years (p = 3.19 9 10 -9 ) compared with controls. As presented in Table 3 , after adjusting for age and using a priori MET h/wk categories of 0, [0 to [3, 3 to \7.5, 7.5 ? MET h/wk, women who participated in more than 7.5 MET h/wk of MV PA had a 54% reduction (95% CI 0.36-0.60) in risk of endometrial cancer compared with those who were least active. Adding BMI to the model showed an attenuated odds ratio (OR) of 0.68 (95% CI 0.52-0.89). After adjustment for other predictors and confounders, the odds ratio for endometrial cancer at the highest level of physical activity compared with the lowest was OR = 0.66 (95% CI 0.50-0.87).
Limiting analysis to postmenopausal women strengthened the protective association of physical activity on endometrial cancer comparing the least and most active groups (OR = 0.61, 95% CI 0.45-0.83). Removal of sit time from the MV PA model did not change the odds ratio of the highest MV PA category by greater than 10%, suggesting that it is not a confounder. Thus, sit time was not included in the model for MV PA and endometrial cancer risk but was examined for an independent association with the outcome of endometrial cancer (Table 4) . Sit time was statistically significant when comparing the most sedentary to the least sedentary women and adjusting for variables included in the full model (OR = 1.52, 95% CI 1.07-2.16). Our study did not show an association between MV PA at age 30s and risk of developing endometrial cancer (data not shown).
Creation of an interaction term between BMI and MV PA also did not demonstrate a statistically significant term. While an interaction term was not used in the model, Fig. 1 demonstrates multiplicative odds ratios using a composite
measure to examine the combined influence of physical activity and weight. We found that those with a BMI \25 and reported MET h/wk C7.5 had an odds ratio of 0.27 (95% CI 0.18-0.39) for endometrial cancer compared with those who were overweight (BMI C25) and sedentary (MET h/wk = 0) (Fig. 1) . Comparing women who were overweight and active to ones who were overweight and sedentary, we observed an odds ratio of 0.48 (95% CI 0.38-0.88). This figure highlights the different magnitudes of decreased risk among different BMI categories. 
Discussion
Our findings show that MV PA, two to five years before diagnosis, is significantly associated with a lower risk of endometrial cancer even after adjustment for BMI and other endometrial cancer risk factors. Although there was a stronger association among postmenopausal women, there were too few women in the premenopausal group to make conclusions about stratified associations. Risk reduction when comparing women who perform MV PA to sedentary women persisted across both normal weight and overweight women, suggesting that benefit from MV PA is not limited to a single weight group. Even though there was attenuation of the odds ratio with inclusion of BMI (Table 3) , the association between physical activity and endometrial cancer persisted in various models, both without and with adjustment for other predictors and confounders. This persistent association suggests that the benefit of PA on risk of endometrial cancer is not completely mediated through effects on BMI. These findings are consistent with previous publications and meta-analyses linking physical activity to endometrial cancer risk reductions between 20 and 50%. The published null results may be explained in part by low case numbers (n \ 50) [9, 29] . Another null study was based in a highly active Chinese population where few participants were sedentary until late in life (30) . An interaction between MV PA and BMI was not observed, and only limited studies have previously examined the combined association of MV PA and BMI on risk or odds of endometrial cancer [15, 17, 20, 31] . This study also confirms previous findings showing an association between sit time and endometrial cancer [17, 20, 23] .
Mechanisms thought to explain the relationship between endometrial cancer risk and physical activity largely relate to sex hormone and insulin pathways. Physical activity reduces serum levels of estradiol and increases levels of its binding protein, sex hormone-binding globulin (SHBG) [5] . Increased physical activity levels are related to lower insulin levels [32] and improved insulin sensitivity [33] , which lowers exposure to hormones and growth factors available in the blood. Increased physical activity has also been shown to improve free radical defenses by upregulating free scavenger enzymes and antioxidant levels [34] . Exercise is also linked with an increase in antitumor immune defenses and improvements in antioxidant defense systems, increasing the number and activity of macrophages, lymphokine-activated killer cells and regulating cytokines [35] . A 2002 paper on etiological evidence and biological mechanisms relating physical activity to cancer outcomes suggested a decrease in percent body fat as the major biological factor [36] .
One recently published study found a significant association between daily sitting time and increased risk for cardiovascular disease and overall mortality [37] . Other studies have linked television viewing to higher risks of obesity [38] , metabolic syndrome [39, 40] , and type II diabetes (38) , independent of physical activity levels. A previous study looking at occupational sit time in relation to risk of endometrial cancer showed null results overall and an odds ratio of 0.64 (95% CI 0.42-0.99) comparing quartiles of postmenopausal women who sit more to those who sit less [15] . However, job codes were used to estimate sit time in the null study and may not have been accurate for this purpose. Another recently published study found a 42% increase in endometrial cancer risk (95% CI (1.06-1.90), p trend = 0.009) among those with the highest levels of lifetime occupational sit time [24] .
Limitations of this study include the possibility that the interviewer-administered questionnaires were subject to differential recall by case or control status. This could increase the magnitude of the observed difference in risk between groups. Weight data were collected by self-report and may be subject to underreporting. Subjects also might over-report physical activity levels due to social desirability bias. Also, the MAQ was validated for activity within the past year and not two to five years prior and thus may be slightly less valid. However, only MV PA was included in the analysis, and this may be easier to recall then low-intensity activities such as household work. Furthermore, the magnitudes of association for MV PA were similar to those observed in other case-control and cohort studies, strengthening the body of evidence surrounding the relationship between physical activity and endometrial cancer. Response rates were low as only 54.9% of cases and 64.5% of controls approached were enrolled in the study. Exclusion of very ill women could result in selection bias. Only 1.1% of the women refusing to participate did so because they were too ill, although it is possible that physicians may not have given consent to contact for patients in poor health. These biases may overestimate the association between physical activity and risk of endometrial cancer.
Strengths of our study include the use of validated and detailed physical activity measurements. Our questionnaire measured 29 different types of physical activities and was used to isolate those activities that were moderate to vigorous intensity. Moderate to vigorous intensity activity is supported in the literature as it is believed to reduce risk of some types of cancer [41] . Also, timing of physical activity was explored, and measurements from two to five years in the past were used in attempt to lessen the possibility of overt disease or preclinical symptoms among cases that could affect activity levels. Physical activity levels in the [15, 42] . Our study was population based, making results more generalizable than hospital or other population-specific groups. Endometrial cancer is currently the fourth most common cancer among women [43] , and as obesity rates in the United States and worldwide continue to rise, endometrial cancer incidence will likely increase. A study based in the American Cancer Society Cancer Prevention cohort of over 900,000 individuals showed that among endometrial cancer patients, those with a BMI of above 25 had an increased risk of mortality compared with those who were normal weight [44] . Women with a BMI of 40 had a 6.25-fold increase in mortality rate (95% CI 3.75-10.42). Data from the 2007-2008 NHANES report show that 68% the US population is overweight or obese [45] . In 2007, the Centers for Disease Control and Prevention found that 24.1% of the US population reported no leisure-time physical activity, and 48.8% were not meeting recommended levels of physical activity [46] . Given the current combination of high BMI and low activity among the population, endometrial cancer risk is an appreciable concern. Future studies need to consider how to increase physical activity in women at risk of developing endometrial cancer. Public health programs should be designed to promote exercise programs as an important intervention to minimize burden of both this disease and other weightrelated health complications such as heart disease, diabetes, and hypertension. A randomized controlled trial on surrogate markers of risk or survival could be performed to further examine the relationship between endometrial cancer and physical activity, since to date all published studies on this relationship have been observational.
